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Preferential trade agreements have become deeper over time, often encompassing policy areas that go beyond traditional trade policy, such as investment, competition, and intellectual property rights protection. In the literature, a prominent argument why countries sign "deep" agreements is to promote and facilitate the operation of global value chains. This paper exploits a new data set on the content of trade agreements and data on trade in value added and in parts and components, to quantify the impact of the depth of trade agreements on bilateral cross-border production linkages. The results show that adding a policy area to a trade agreement increases the domestic value added of intermediates (forward global value chain linkages) and the foreign value added of intermediates (backward global value chain linkages) by 0.48 and 0.38 percent, respectively. At the sectoral level, the positive impact of deep trade agreements is higher for higher value-added industries, suggesting that deep agreements help countries to integrate in industries with higher levels of value added. For a larger sample of countries and years, the results confirm that an additional provision in a trade agreement increases bilateral trade in parts and components by 0.3 percent. The content of trade agreements also matters for global value chain integration, but the impact varies by income group. Provisions outside the current mandate of the World Trade Organization (investment and competition policy) drive the effect of trade agreements on North-South trade in parts and components. Provisions under the current World Trade Organization mandate (tariff reduction and customs facilitation) drive the effect of trade agreements on South-South trade in parts and components.
Introduction
All members of the World Trade Organization (WTO) signed at least one Preferential Trade Agreement (PTA). 2 The content of these agreements changed over time as they now encompass a number of disciplines that go beyond traditional trade policy (Hofmann, Osnago and Ruta, 2017) . Through PTAs, member countries commit to cut their tariffs and undertake additional obligations in policy areas covered by the WTO such as customs administration or contingent protection. But they more and more break new grounds in policy domains that are not regulated by the WTO, such as investment and competition policy. This new generation of "deep" trade agreements is at the core of a number of policy and research debates, as economists try to assess their economic effects and provide guidance on how to efficiently design and implement them.
This paper contributes to this broader debate on trade agreements by empirically investigating the relationship between deep trade agreements and Global Value Chains (GVCs). Using a new data set on the content of PTAs developed by the World Bank, our analysis allows us to i) quantify the impact of deep trade agreements on GVC integration among member countries, ii) disentangle the importance of specific sets of provisions in PTAs, and iii) shed light on the role of deep trade agreements in shaping the pattern of integration across countries with different levels of development. Our key finding is that the depth of trade agreements contributes to increase GVC trade among parties. This impact is higher for industries with higher share of value added in total production, suggesting that deeper trade arrangements help countries to integrate in industries with higher levels of value added. We also find that for trade agreements between developed and developing countries, this effect is mostly driven by the presence of provisions that are currently outside the domain of the WTO and that deal with behind the border policies, such as investment and competition policy. For trade agreements between developing countries, the impact of trade agreements on GVC trade is mostly driven by the reduction of traditional trade barriers such as tariffs and other border measures.
2 As is common in the recent trade literature, the term PTAs will be used throughout the paper and is preferred to the term 'regional trade agreements (RTAs)' since some of these agreements are not necessarily between countries within the same region or in regional proximity. We will also often refer to PTAs as 'deep (trade) agreements', in recognition of the fact that several provisions in PTAs are not preferential in nature (Baldwin and Low, 2007) .
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The argument that the rise of deep trade agreements and the increasing importance of GVCs are related is not new and has been informally made in influential studies by Lawrence (1996) , Baldwin (2010) and WTO (2011) , among others. Intuitively, the unbundling of stages of production across borders creates new forms of cross-border policy spillovers and timeconsistency problems. Deeper forms of integration may allow to solve these coordination and commitment problems, because they discipline those national policies that are needed for the smooth operation of GVCs. Formal models of the relationship between GVCs and trade agreements are presented in Antràs and Staiger (2012) and Bickwit, Ornelas and Turner (2017) .
Recent studies have looked at related questions from an empirical point of view: Orefice and Rocha (2011), Johnson and Noguera (2016) , Ruta (2015, 2016) .
3 Differently from the current study, these papers either abstract from the depth of trade agreements (Johnson and Noguera, 2016) , are based on a smaller database developed by the WTO (WTO, 2011) covering only 100 agreements and use different measures for GVC related trade (Orefice and Rocha, 2011; Ruta, 2015, 2016). 4 In the econometric analysis, we use a structural gravity model at the aggregate and sectoral levels to estimate the relationship between cross-border production linkages and the depth of PTAs. To control for selection bias deriving from the presence of zero trade flows, our estimations are preformed using a Poisson Pseudo Maximum Likelihood (PPML) model. PTA depth measures are based on the new World Bank data set on the content of PTAs which covers 260 agreements signed by around 180 countries between 1958 and 2015. This is the entire realm of PTAs in force and notified to the WTO as of December 2015. 5 We build several indicators of PTA depth that capture the scope and legal enforceability of trade agreements. Bilateral GVC integration is measured in two ways, using value-added trade and trade in parts and components.
3 For a survey of the literature, see Limão (2016) . A companion paper by Mattoo, Mulabdic and Ruta (2017) Our results might suffer from endogeneity deriving from omitted variables and simultaneity bias.
Omitted variables bias arises when the error term is correlated with some unobservable countryspecific policy variables (e.g. restrictive domestic policy regulation), which at the same time affect both GVC-related trade and the probability of forming a deep PTA. Reverse causality may arise from the fact that firms in country pairs involved in GVC may lobby for deeper trade agreements to secure the supply of intermediates in partner countries. The set of fixed effects included in the structural gravity estimation partially deals with both sources of endogeneity (Baier and Bergstrand, 2007; Piermartini and Yotov, 2016) .
As an alternative approach, a set of leads and lags of the variable capturing the depth of trade generally stabilizes over time. This is especially true for domestic value added of intermediates.
As to the dynamics for trade in parts and components, the results confirm that there are oneyear anticipation effects and that the impact of deep agreements persists after the entry into force of the agreements. The broader country-coverage uncovers that this dynamic is driven by deep PTAs involving North and South countries.
Finally, a concern is that in a world where production is fragmented internationally, GVC trade between two countries is not only affected by their trade agreements but also by the trade agreements signed by any country along the value chain (Noguera, 2012) . As deep agreements may have a stronger impact on bilateral GVC trade than shallow agreements, it is well possible that the level of depth of preferential trade agreements signed by third countries along the supply chain could indirectly affect GVC-related trade between two countries. We build on the approach by Noguera (2012) to control for the indirect effect of deep trade agreements and find that the coefficients of the modified gravity regressions are larger than those of the standard gravity, confirming the existence of indirect effects of signing deep PTAs through third countries.
The rest of the paper is organized as follows. Section 2 discusses the data used in the paper.
Section 3 presents the empirical analysis focusing on the impact of PTA depth on GVC integration, while Section 4 focuses on the impact that different sets of provisions in deep trade agreements have on countries with different levels of development. Section 5 presents robustness tests.
Concluding remarks follow.
Data
In this section, we take a first look at the data on the content of trade agreements and present the measures of PTA depth and GVC trade used in the analysis.
a. Deep trade agreements
In the literature, the effects of PTAs on trade are generally estimated by including a dummy equal to one when two countries are involved in an agreement (Limão, 2016) . In our econometric analysis, we also estimate the coefficient of a dummy for PTAs, but we take a step forward by Table A1 presents the list of provisions. More details on the methodology and the data on deep trade agreements can be found in Hofmann, Osnago and Ruta (2017) . The data are freely available at the following website: https://datacatalog.worldbank.org/dataset/content-deep-trade-agreements. 8 Unless otherwise stated, all provisions included in measures of PTA depth are legally enforceable.
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Finally, we use Principal Component Analysis (PCA) to reduce the dimensionality of our data set.
PCA transforms the 52 provisions into a set of orthogonal variables called components. The first component is a weighted average of the provisions that takes into account around 27 percent of the variation in the data. 9 The structure of the weights assigned to each provision in the first component suggests that the first component captures the "scope" of the agreement and it can be used as an alternative measure of depth. 10 In fact, the correlation between the first component and the number of provisions in a PTA is equal to 0.94. We then define as the weighted average of provisions using the coefficients of the first component as weights
The database on the content of trade agreements is also useful to examine which disciplines are more important for GVCs. To do this, we divide provisions into 2 categories following Horn et al. (3)) or re-exported to the original country (component 4). We define a third variable from the sub-set of re-exported intermediates (components (3) and (4)). The re-exported intermediates variable represents the most fragmented parts of a production process in which goods and services cross at least two borders before being eventually absorbed. These two variables capture the bilateral forward linkages between two countries. We also use foreign value added in gross exports that can be further decomposed between final and intermediate goods and services (components (5) and (6)). It measures all value that has not been produced domestically and that is contained in gross exports. This variable captures backward linkages. At this stage, the decomposition does not allow us to identify the country of origin of the foreign value and hence it is an imperfect measure of bilateral GVC linkages.
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Second, for the analysis based on gross trade flows, we use trade in parts and components to proxy for global production sharing. There is no broadly accepted definition of trade in parts and components that we can refer to, so our classification builds on the existing literature in this area (WTO, 2011 and Orefice and Rocha, 2011 These various measures have advantages and disadvantages, which is the reason why we chose to employ a broader set of indicators rather than focusing on a single one. In particular, measures based on value added trade are more precise as they allow to directly deal with the problem of double counting in gross trade data and account for the input-output relationships in production.
WIOD data also have the advantage of covering trade in both goods and services. The data on (goods) trade in parts and components are available for a large set of countries and years, 13 thus allowing us to rely on a broader panel which includes many more developing countries than WIOD. The correlation between gross and value-added trade variables for the sub-sample of WIOD countries and years is however large and ranges between 0.75 and 0.88 (see first column
of Table 1 ).
Depth of trade agreements and GVC integration
In this section, we present the empirical strategy and the analysis of the impact of deep agreements on value added trade. We also investigate whether the impact of deep trade agreements is heterogeneous for industries with high and low value added incorporated in their production.
a. Empirical strategy Table 2 reports the coefficients of total depth, core depth and PCA depth for the regressions using DVA and FVA as dependent variables. All coefficients of depth are positive and significant.
Adding a policy area is associated to an average increase 0.4 percent of total domestic value added and an average increase of 0.26 percent of foreign value added. The coefficients increase substantially when looking at core depth only, suggesting that those policy areas are particularly important as they reduce the governance gap between countries in areas that are relevant for GVC-related trade. 16 Also, the coefficients of PCA depth show a similar pattern to the one of total number of provisions. Control variables such as BITs have the expected sign, suggesting that signing BITs has a positive impact on domestic and foreign value added in exports. 17 The PTA dummy is non-significant in most of the estimations. This variable controls for the presence of shallow PTAs and for agreements no longer in force for which we have no information on depth.
The lack of statistical significance indicates that it is the depth of PTAs, and not the mere presence of shallow agreements, that matters for domestic and foreign value added in exports.
A concern is that the trade variables in our first set of regressions may be driven by traditional trade in final goods and services rather than by GVC trade. To address this concern, we assess Baldwin (2011) and WTO (2011).12 important in the context of global value chains compared to trade in final goods. In terms of magnitudes, the coefficients capturing the impact of adding one additional provision on domestic value added in intermediates are slightly higher compared to the aggregate variables presented in Table 2 and are equal to 0.48 percent on average. In addition, the positive relationship between deeper trade agreements and GVC integration is particularly important for the subset of re-exported intermediates that cross the border at least twice, suggesting that deep agreements are particularly important in the context highly fragmented production processes.
Results on the impact of deep agreements on foreign value-added trade of final and intermediate exports are presented in Table 4 . In this case also, the positive impact of our variable of interest is significant only for FVA of intermediate exports. The magnitude of the coefficients is also higher compared to the baseline regression. Adding an extra provision in an agreement increases foreign value added of intermediate exports by 0.38 percent.
In Table 5 and Table 6 c. Sector-level regressions
In this section we investigate whether the impact of deep trade agreements on GVC participation is heterogeneous across industries with different levels of value added shares in total production.
We estimate the following specification:
where is a measure of GVC integration between countries and in sector k at time ; is a variable capturing the value added of a certain industry and it is measured either as the share of value added that an industry has in total production (see annex   Table A2 ) or with a dummy variable equal to one when the share of value added of an industry is above the median and zero otherwise; , , and are defined as in equation (1); , , and , represent respectively country-pair industry, reporter industry time and partner industry time fixed effects.
Results for goods presented in Table 7 suggest that deeper agreements are not more relevant on average for higher value-added industries compared to lower value industries. On the other hand, results for services GVC integration presented in Table 8 show that the interaction term between depth and industry value added is always positive and significant for domestic value added; in the case of foreign value added the results are less robust. The absence of significant differentiated impacts in the case of goods might be explained by the fact that the variation across industries in the level of value added is much lower for goods compared to services. In addition, the value added incorporated in services production is usually higher than the one incorporated in goods production. The magnitude of the impact of depth on higher value-added industries is usually higher for services GVC integration, suggesting that deep trade agreements help countries to integrate in industries with higher levels of value added. For this exercise, we use the data on trade in parts and components to exploit the information from a larger sample. As a first step we investigate the relationship between deep PTAs and trade in parts and components on a sample of 184 countries for the time interval 1995-2014. In particular, we estimate the structural gravity model in equation (1) using trade in parts and components as the dependent variable. As a second step we add to our baseline regression the interactions of our variables of depth with three different dummies that identify three mutually exclusive country groups: North-North, North-South and South-South. The specification is as
Content of trade agreements, GVC integration and income level
where represents a vector of any two dummy variables among the three country groups defined above (i.e. North-North, North-South, South-South).
The results from the PPML estimations, presented in Table 9 , are in line with the ones using trade in value added. In particular, including one more provision increases trade in parts and components by 0.3 percent on average. An additional core provision has a larger impact of 0.6 percent on average. We find that deep PTAs affect trade in parts and components differently depending on the income group of countries involved (Table 10) . Column 1 shows that the average impact of WTO+ and WTO-X provisions is not significant. Column 2 includes the interactions of the number of WTO+ and WTO-X provisions with binary variables that identify South-South and North-South country-pairs. Thus, the coefficients of the number of provisions have to be interpreted as the coefficients for the omitted category, i.e. North-North pairs. 
Robustness
In this section, we undertake three robustness tests. First, we consider indirect effects of PTAs.
The second robustness exercise allows for slow adjustment in trade policy. Finally, we account for dynamic effects in the regressions.
a. PTAs indirect effects
In a world where production is fragmented across countries, the level of depth of preferential trade agreements signed by third countries along the supply chain could indirectly affect GVCrelated trade between two countries. Intuitively, deeper trade agreements in third countries lower trade costs along the entire supply chain, thus encouraging trade in intermediates also among countries that are not part of the agreement. To control for the indirect effect of deep trade agreements, we follow Noguera (2012) and estimate the impact of deep PTAs on the level of integration in GVCs using the following modified gravity framework:
20 Estimations using WIOD, which covers only a few developing countries, are similar to this last set of results.
Where the variables and the set of controls and fixed effects are the same as in equation (1) b. Adjustment to trade policy changes As suggested by Trefler (2004) , the adjustment of trade flows between two countries after signing a PTA is not instantaneous but it may take some time. Therefore, estimations using consecutive years will not allow our dependent variable to properly adjust. To reduce this bias, estimations are performed using 3-year intervals. Results presented in Table 12 and Table 13 have the same sign as the ones presented in the baseline regressions and are slightly higher in terms of magnitude, confirming the positive relationship between PTA depth and GVC-related trade. 22 In particular, adding a policy area is associated to an average increase of 0.43 percent of total domestic value added (column (1) where we add all the lags of depth until 3 and the leads until 3 to our baseline specification.
Results for trade in value added, presented in Figure 2 , suggest that there are some anticipation effects of deep PTAs which are however limited to one year before the agreement enters into force. This may not be surprising given the time gaps between the time an agreement is signed by the parties and the time it enters into force. In the case of trade in parts and components, the results point to some interesting patterns in the data across different income groups. Figure 3 shows the values of the coefficients of three different measures of depth between 3 and 3 for the three country groups analyzed above (North-North, North-South and South-South). While the coefficients of depth are not significantly different from zero in any year before the entry into force of the agreement for any income groups, the figure suggests that the effect of deep PTAs cumulates over time for the North-South and for South-South pairs. For the former group of trade agreements, the cumulative effect is particularly strong, consistently with the view that deep agreements may have offered a commitment device for reforms in developing economies that have helped them anchor to GVCs. The cumulative effect for the South-South country-pairs is not significant.
Conclusions
This paper contributes to the existing literature on the relationship between trade agreements and cross-border production linkages. There are three main novelties in the paper. First, it uses 18 new data on trade in value added in addition to more standard data on trade flows of parts and components to separately assess the impact of deeper trade agreements on goods and services and to investigate whether the relationship between trade agreements and GVC participation is heterogeneous across industries with different levels of value added shares in production.
Second, it exploits new information on the content of PTAs and attempts to identify which type of provisions matter the most for GVC-related trade. Third, it looks at how the effect of the content of deep PTAs changes depending on the level of development of the countries involved in trade agreements.
With this new approach, we are able to establish three main results. 1995-2011. 
